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We present the results of a high spectral resolution (= = 49000) study of the circumstellar (CS)
gas around the intermediate mass, pre-main sequence star UX Ori. The results are based on a set of 10
echelle spectra covering the spectral range 3800 { 5900 A, monitoring the star on time scales of months, days
and hours. A large number of transient blueshifted and redshifted absorption features are detected in the
Balmer and in many metallic lines. A multigaussian t is applied to determine for each transient absorption
the velocity, v, dispersion velocity, v, and the parameter R, which provides a measure of the absorption
strength of the CS gas. The time evolution of those parameters is presented and discussed. A comparison
of intensity ratios among the transient absorptions suggests a solar-like composition of the CS gas. This
conrms previous results and excludes a very metal-rich environment as the cause of the transient features
in UX Ori. The features can be grouped by their similar velocities into 24 groups, of which 17 are redshifted
and 7 blueshifted. An analysis of the velocity of the groups allows us to identify them as signatures of the
dynamical evolution of 7 clumps of gas, of which 4 represent accretion events and 3 outflow events. Most of
the events decelerate at a rate of tenths of m s−2, while 2 events accelerate at approximately the same rate;
one event is seen experiencing both an acceleration and a deceleration phase and lasts for a period of few
days. This time scale seems to be the typical duration of outflowing and infalling events in UX Ori. The
dispersion velocity and the relative aborption strength of the features do not show drastic changes during
the lifetime of the events, which suggests they are gaseous blobs preserving their geometrical and physical
identity. These data are a very useful tool for constraining and validating theoretical models of the chemical
and physical conditions of CS gas around young stars; in particular, we suggest that the simultaneous
presence of infalling and outflowing gas should be investigated in the context of detailed magnetospheric
accretion models, similar to those proposed for the lower mass T Tauri stars. Stars: formation { Stars:
pre-main sequence { Circumstellar matter { Accretion, accretion disks { Lines: proles { Stars: individual:
UX Ori
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Introduction
The detection of planetesimals is highly relevant for the study of the formation and evolution of planetary
systems, since it is nowadays accepted that planets form from CS disks via the formation of planetesimals
beckwith2000. Several lines of evidence suggest that the young main sequence A5V star  Pic [20 Myr,
][]barrado1999 hosts planetesimals inside its large CS disk. The main argument is the presence of transient
Redshifted Absorption Components (RACs) in high resolution spectra of strong metallic lines, like Caii K
1
3934 A. These spectroscopic events have been interpreted as being caused by the evaporation of comet-like
highly hydrogen-depleted bodies. The interpretation is known as the Falling Evaporating Bodies (FEB)
scenario [ and references therein]lagrange2000. However, the presence or absence of planetesimals during the
pre-main sequence (PMS) phase is a controversial observational topic. The time scale for the formation of
planetesimals [∼104 yr, ][]beckwith2000 is shorter than the duration of the PMS phase (∼1{10 Myr), which
suggests that they should exist during PMS stellar evolution.
UX Ori-like PMS objects (UXORs) are characterized by a peculiar photo-polarimetric variability, which
has been interpreted as the signature of massive, almost edge-on, CS disks grinin1991. Most UXORs have A
spectral types and therefore are the PMS evolutionary precursors of  Pic. UXORs have been reported to
show RACs grinin1994,dewinter1999; they also show Blueshifted Absorption Components (BACs) in their
spectra. In this paper, the acronym TAC (Transient Absorption Component) will be used to denote both
RACs and BACs. In analogy to  Pic, RACs observed in UXORs have been interpreted in terms of the
FEB scenario grady2000. However, this interpretation has recently been questioned by natta2000, who used
the spectra obtained by grinin2001 to analyze the dynamics and chemical composition of a very strong,
redshifted event in UX Ori itself, an A4 IV star mora2001 ∼ 2× 106 year old natta1999. Gas accretion from
a CS disk was suggested in natta2000 as an alternative to the FEB scenario to explain the observed RACs
in UX Ori. In addition, beust2001 have found that the FEB hypothesis cannot produce detectable transient
absorptions in typical HAe CS conditions, unless the stars are relatively old (≥ 107 yr).
A detailed observational study of the kinematics and chemistry of TACs, e. g. by means of echelle
spectra which simultaneously record many metallic and hydrogen lines, can discriminate between the two
scenarios. For instance, in a FEB event large metallicities are expected, while gas accreted from a CS disk
would have approximately solar abundances. A strong observational requirement is set by the time scale of
monitoring of the TACs. In natta2000 spectra were taken 3 days apart. Since UX Ori is a highly variable
star, there is some ambiguity in identifying transient spectral components of dierent velocities detected
over this time interval as having the same physical origin. A better time resolution is needed in order to
ensure that the TACs observed at dierent velocities are due to the dynamical evolution of the same gas.
The EXPORT collaboration eiroa2000a obtained high resolution echelle spectra of a large sample of PMS
stars mora2001. About 10 PMS stars showed TACs which were intensively monitored (t ≤ 1 day). The
study of the kinematics and chemistry of these events provides important tools for identifying their origin,
or at least to put severe constraints on it.
This paper presents an analysis of the TACs observed in UX Ori by EXPORT and shows that the
results are not compatible with a FEB scenario. The layout of the paper is as follows: Section 2 presents a
brief description of the EXPORT observations. Section 3 presents the procedures followed in the analysis of
the spectra. Section 4 presents the kinematic and chemical results of the detected TACs. Section 5 gives a
discussion of the dynamics and nature of the gas. In section 6, we present our conclusions.
Observations
High resolution spectra of were taken in October 1998 and January 1999 using the Utrecht Echelle
Spectrograph (UES) at the 4.2m WHT (La Palma Observatory). We collected 10 echelle spectra in the
wavelength range 3800 { 5900 A, with resolution = = 49000 (6 km/s); exposure times range between
20 and 30 minutes. The observing log is given in Table photometry, in which the long-term (months) and
short-term (days, hours) monitoring is evident. Standard MIDAS and IRAF procedures have been used for
the spectroscopic reduction mora2001. Final typical signal to noise ratio (SNR) values are ∼150.
table EXPORT UES/WHT UX Ori observing log. The Julian date (-2450000) of each exposure is given
in column 1. Columns 2 to 5 give simultaneous V , H , K and %PV photopolarimetric data, when available,
taken from oudmaijer2001 and eiroa2001. photometry tabu
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